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Description 

The present invention relates to a nnuscle 
stimulating apparatus. 

Muscle stimulating apparatuses are well-known 
which comprise a plurality of electrodes which 
are applied to the skin and a pulse source which 
supplies to them a stream of pulses of suitable 
frequency, amplitude and waveform to stimulate 
muscles below the skin for the purposes of toning 
or exercising them. One such apparatus is the 
Slendertone (Registered Trade Mark). 

Multiple-channel muscle stimulators are known 
which have a number of pairs of electrodes to 
which a stimulating pulse train is applied. Where 
a number of pairs of electrodes is used the 
problem arises that by mis-use or incorrect con- 
nection of the electrodes to the pulse source, it is 
possible for undesirable effects to occur. 

US 3851651 discloses a muscle stimulator 
according to the precharacterizing part of claim 1. 
The multiple outputs are intended to enable 
different muscle groups to be stimulated at the 
same time from a common pulse source. The dis- 
closure is not concerned with electrode-pair inter- 
actions or the stimulation of muscles of the same 
muscle group. 

According to the present invention we provide 
muscle stimulating apparatus for stimulation of a 
person's muscles comprising: a source of electri- 
cal signals which, in use, is located exteriorly of 
the person's body; a plurality of electrodes 
adapted to be applied adjacent respective loca- 
tions on the epidermis of the person to stimulate 
underlying muscles; the source of electrical 
signals comprising a pulse generator for pro- 
ducing a train of muscle stimulating pulses, 
means for producing amplified bursts of the 
pulses and means for multiplexing the pulses into 
a number of separate trains of pulses for applica- 
tion to respective electrodes, characterised in that 
the means for producing amplified bursts in- 
cludes means for modulating the envelopes of the 
bursts and in that the multiplexing means is 
arranged to multiplex the envelope modulated 
bursts such that successive pulses of each burst 
are applied across the electrodes a pair at a time 
in a predetermined time sequence. 

It may be noted that the article "Digital-analo- 
gue hybrid 3-channel sequential stimulator" by J. 
S. Petrofsky, Medical & Biological Engineering & 
Computing, May 1979, pages 421 — 424 discloses 
a multiplexed muscle stimulator with pulse en- 
velope modulation. However, the effect of the 
arrangement disclosed is that the three separate 
trains of pulses cooperate so as effectively to 
stimulate the muscle at a frequency higher than 
that of the pulse train. 

One suitable form for the applied signals is 
bursts followed by spaces of lengths approxi- 
mately equal to the bursts. Preferably, the leading 
edge of the envelope of each burst Is rounded by 
the modulating means so that the burst surges to 
its maximum value. 

One way of producing such a waveform with 



the present apparatus is to have a pulse generator 
which generates the pulses at a desired frequency 
(e.g. 100/Mn) and to amplitude modulate it with 
the output of a much lower frequency square 

5 waveform from an envelope timing generator and 
having a suitably rounded leading edge. The 
resulting modulated pulse train is applied via an 
amplifier/buffer to the primary of an output trans- 
former. The output of the higher frequency pulse 

to generator is also connected to a pulse counter 
and "One of N" decoder, where N is the desired 
number of outputs of the apparatus. Associated 
with the secondary of the output transformer is 
multiplexing circuitry suitable for deriving N 

rs separate pulse streams, one for each set of 
electrodes. These pulse streams are derived using 
N electronic switches, preferably opto-isolators, 
each controlled by individual signals of the out- 
puts of the "One of N" decoder and are delivered 

20 to respective output terminals for connection to 
the body electrodes. In the circuitry associated 
with the transformer secondary, each set of elec- 
trodes may share a common return line and this 
can include a current limiting device such as a 

25 controlled current source to ensure that the max- 
imum current is limited to a desirable and safe 
level. 

An apparatus as described above is described 
in more detail below with reference to the accom- 

30 panying drawings. The illustrated apparatus has a 
number of advantages. Because of the time 
division multiplex method of production of the 
pulse streams and the inclusion of the current 
limiting device, the pulses applied to each set of 

35 electrodes have a known and limited maximum 
energy content. The apparatus is incapable of 
providing peak voltages and currents beyond 
those supplied by the transformer and current 
limiting device, regardless of any accidental or 

40 deliberate cross connecting of any output elec- 
trode groups. Electrical interaction between elec- 
trodes of different sets when placed on the skin 
for the purpose of stimulation cannot occur 
because the pulse signals to each arrive at the 

45 electrodes at different times, therefore the effects 
of having signals present on all outputs simul- 
taneously, which is mentioned above has caused 
interaction problems In the past, is eliminated. 
The above and other features of the invention 

so will be further described by way of non-limiting 
example with reference to the accompanying 
drawings, in which: — 

FIGURE 1 is a functional block diagram of one 
embodiment of the invention; 

55 FIGURE 2 shows the waveforms occurring at 
various points in the circuitry of Figure 1; and 

FIGURE 3 shows one particular form of the 
circuitry of Figure 1. 
The general construction and operation of the 

60 illustrated apparatus should be readily apparent 
from Figures 1 and 2. 

Briefly, the apparatus comprises a pulse 
generator 1 whose output is delivered by a delay 
circuit which provides a short delay to equalise 

65 delay times throughout the circuitry to a mixer 3 
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where the pulse stream D is amplitude modulated 
with a much lower frequency pulse waveform B. 
This waveform B has an approximately 50 percent 
duty cycle and rounded positive-going edges and 
is derived from a lower frequency pulse generator 
4 by an envelope shaper 5. The output from mixer 
3 is applied to the input of an amplifier and buffer 
6 which drives the primary 7 of an output trans- 
former 8. 

The output of pulse generator 1 is also applied 
to the input of a pulse counter 9 whose outputs F 
to J each go high in succession to produce 4 
streams of pulses as indicated at F to J in Figure 2 
which go high in non-overlapping relation to one 
another and in synchronism with respective ones 
of 4 successive pulses of the pulse train E. The 
pulse counter may, for example, comprise a 4-bit 
recycling counter whose outputs are connected to 
a "One-of-4" decoder. 

Connected in parallel across the secondary 10 
of transformer 8 are four potentiometers 1 1 to 14 
associated with respective output terminals W — Z 
to which, in use, may be connected one electrode 
of each of 4 sets of electrodes which may be 
applied to the body of the user using suitable 
body pads. The wipers of the potentiometers 11 
to 14 are connected to the associated terminals 
W — Z via respective electronically operated 
switches 15 to 18 which are controlled by the 
Individual ones of the outputs F to J of pulse 
counter 9. These electronic switches may be of 
the opto-isolator type e.g. having a light emitting 
diode driven by the associated output of pulse 
counter 9 and a phototransistor constituting the 
controlled-conduction path. This, of course, ser- 
ves to ensure that the circuitry connected to the 
body electrodes "floats" for isolation purposes. 

The outputs W— Z may share a common return 
line 19 to the secondary 10 of the transformer and 
this may include a current limiting device 20 such 
as a constant current source to keep the pulsed 
currents at a desired value. 

In Figure 1 each potentiometer 11 — 14 is shown 
connected to its associated output W — Z via an 
amplifier 21—24 and switch 15—18. This arrange- 
ment of the amplifiers and switches Is intended to 
be schematic in the corresponding part of Figure 
3; the controlled element of each opto-isolator is 
a photo transistor 15 — 18 which when turned on 
shunts the collector to emitter circuit of an asso- 
ciated transistor 21 — 24 which corresponds to the 
amplifier in Figure 2. These transistors 21—24 are 
suitably rated to handle the output voltage from 
transformer 8. 

Figure 3 shows one possible implementation of 
the circuitry of Figure 1 using "556" timers, 
CD4000 series logic circuitry and opto-isolators. 

By way of example, suitable signal charac- 
teristics are as follows: — 

Pulse duration (as in D,E.W,X,Y,Z) from 20 to 
200 microseconds; 

Pulse interval (as in W.X,Y,Z) 12 milliseconds; 

Pulse interval (as in E,D) 3 milliseconds for 4 
output circuit version of the stimulating device or 

Pulse interval (as E,D) 1.5 milliseconds for 8 
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output circuit version of the stimulating device. 

Delay time (E&D) 200 microseconds; 

Pulse train duration (as in A,B,C) 1 second; 

Pulse train interval (as in A,B,C) 1.5 second; 
5 Maximum output voltage 110V into a 1 kilohm 
load; 

Maximum output current 120 milliamps. 

Other values for the above parameters are, of 
course, possible: although in the illustrated 
w embodiment the pulses applied to the body elec- 
trodes are unipolar, the circuitry could be so 
arranged that the pulses are bipolar. 

Claims 

15 

1. Muscle stimulating apparatus for sub- 
cutaneous stimulation of a person's muscles 
comprising: a source of electrical signals which, 
in use, is located exterioriy of the person's body; 

20 a plurality of electrodes adapted to be applied 
adjacent respective locations on the epidermis of 
the person to stimulate underlying muscles; the 
source of electrical signals comprising a pulse 
generator (1) for producing a train of muscle 

25 stimulating pulses, means (3, 6) for producing 
amplified bursts of the pulses and means (9, 
11—18, 21 — 24) for multiplexing the pulses into a 
number of separate trains of pulses for applica- 
tion to respective electrodes, characterised in that 

30 the means for producing amplified bursts in- 
cludes means {3, 4, 5) for modulating the en- 
velopes of the bursts and in that the multiplexing 
means is arranged to multiplex the envelope 
modulated bursts such that successive pulses of 

35 each burst are applied across the electrode a pair 
at a time in a predetermined time sequence. 

2. Apparatus according to claim 1 wherein the 
multiplexing means comprises a plurality of 
switches (15 — 18) or corresponding circuits in 

40 one-to-one relation with the electrode pairs out- 
puts, and means (9) for sequentially actuating 
said switches or circuits in response to the occur- 
rence of said electrical signals thereby causing 
said electrical signals to energize each electrode 

45 pair as the switch corresponding to its respective 
output is actuated. 

3. Apparatus according to claim 2 wherein each 
of said switches (15 — 18) comprises a light sensi- 
tive switching element connected in circuit be- 

50 tween said source of electrical signals and a 
respective one of said electrode pairs, and a light 
source which is operatively connected to said 
source of electrical signals and energized in 
response to said electrical signals. 

55 4. Apparatus according to any one of the pre- 
ceding claims wherein the electrodes are 
arranged in pairs, there being a "line" electrode 
and a "return" electrode in each pair and the 
return electrodes of the pair being electrically 

60 connected together. 

5. Apparatus according to any one of the pre- 
ceding claims and including current limiting 
means (20) for limiting the current flowing 
through the user's body to below a predeter- 

65 mined magnitude. 
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6. Apparatus according to claims 4 and 5 where- 
in there is a common return circuit path (19) con- 
nected between said source of electrical signals 
and the return electrodes and the current limiting 
means (20) is connected in said common return 
circuit path for maintaining the current between 
the electrodes of each of said electrode pairs 
below a predetermined magnitude. 

7. Apparatus according to any one of the pre- 
ceding claims wherein said source of electrical 
signals comprises a pulse counter (9) having an 
input connected to said pulse generator (1) and a 
plurality of outputs (F,G,H,J), and a plurality of 
switches (15—18) each of which is operatively 
connected between a respective one of the out- 
puts of said pulse counter and one of said elec- 
trode pairs, each of said switches being actuated 
in response to the signal at its respective pulse 
counter output. 

Revendications 

1. Appareil de stimulation musculaire pour la 
stimulation sous-cutanee des muscles d'une per- 
sonnel comportant: une source de signaux elec- 
triques qui, en service, est situee a Text^rieur du 
corps de la personne; plusieurs electrodes adap- 
tees pour etre appliquees adjacentes a des 
emplacements respectlfs sur I'epiderme de la 
personne pour stimuler les musles sous-jacents; 
la source de signaux electriques comportant un 
generateur d'impulsions (1) pour produire un 
train d'impulsions de stimulation musculaire, des 
moyens (3, 6) pour produire des rafales ampli- 
fiees d'impulsions et des moyens (9, 11 — 18, 
21 — 24) pour multiplexer les impulsions en un 
certain nombre de trains separes d'impulsions 
pour dtre appliquees aux electrodes respectives, 
caracterise en ce que les moyens pour produire 
les rafales ampiifiees comportant des moyens {3, 
4, 5) pour moduler les enveioppes des rafales et 
en ce que les moyens de multiplexage sont 
disposes pour multiplexer les rafales a enveloppe 
modulee defagon que les impulsions successives 
de chaque rafale soient appliquees aux elec- 
trodes, une paire a la fois, selon une sequence 
chronoiogique determinee. 

2. Appareil selon la revendication 1, dans lequel 
les moyens de multiplexage comportent une 
multiplicite d'interrupteurs (15 — 18) ou de circuits 
correspondents en relation univoque avec les 
sorties des paires d'electrodes, et des moyens (9) 
pour actionner sequentiellement ces inter- 
rupteurs ou ces circuits en reponse a i'apparition 
des signaux electriques, d'ou il resulte que ces 
signaux electriques excitent chaque paire d'elec- 
trodes lorsque I'interrupteur correspondent a sa 
sortie respective est actionne. 

3. Appareil selon la revendication 2, dans lequel 
chacun des interrupteurs (15 — 18) comporte un 
element interrupteur photosensible monte en cir- 
cuit entre la source de signaux electriques et I'une 
respective de ces paires d'electrodes, et une 
source lumineuse qui est raccordee fonctionelle- 
ment k cette source de signaux electriques et 



excitee en reponse a ces signaux electriques. 

4. Appareil selon I'une quelconque des revendi- 
cations precedentes, dans lequel les electrodes 
sont disposees par paires, chaque paire compre- 

5 nant une electrode "de ligne" et une electrode 
"de retour" et les electrodes de retour des paires 
etant electriquement raccordees ensemble. 

5. Appareil selon Tune quelconque des revendi- 
cations precedentes, comprenant des moyens 

w limiteurs de courant (20) pour limiter le courant 
circulant a travers ie corps de I'utilisateur h une 
valeur inferieure k une valeur predeterminee. 

6. Appareil selon les revendications 4 et 5, dans 
lequel 11 y a un trajet de circuit de retour commun 

75 (19) monte entre cette source de signaux elec- 
triques et les electrodes de retour, et les moyens 
limitateurs de courant (20) sont montes dans le 
trajet de circuit de retour commun pour maintenir 
le courant entre les electrodes de chaque paire 

20 d'electrodes en dessous d'une valeur pre- 
determinee. 

7. Appareil selon I'une quelconque des revendi- 
cations precedentes, dans lequel la source de 
signaux electriques comporte un compteur d'im- 

25 pulsions (9) ayant une entree reliee au generateur 
d'impulsions (1) et une multiplicite de sorties {F, 
G, H, J) et une multiplicite d'interrupteurs 
(15— -18) dont chacun est fonctlonnellement 
monte entre I'une respective des sorties du comp- 

30 teur d'impulsions et I'une des paires d'electrodes, 
chacun des Interrupteurs etant actionne en re- 
ponse au signal au niveau de sa sortie respective 
du compteur d'impulsions. 

35 Patentanspruche 

1. Muskelstimulationsgerat fur die subkutane 
Stimulation der Muskein einer Person mit einer 
Quelle fur elektrische Signale, die im Gebrauch 

40 auiSerhalb der Korpers der Person angeordnet ist, 
und mit einer Mehrzahl von Elektroden, die nahe 
bestimmten Stellen auf der Epidermis der Person 
zur Stimulierung darunter liegender Muskein 
angelegt werden konnen, wobei die Quelle der 

45 elektrischen Signale einen eine Reihe von muskel- 
stimulierenden Impulsen erzeugenden Impuls- 
generator (1), EInrichtungen (3, 6) zur Erzeugung 
verstarker StdlSe der Impulse und EInrichtungen 
(9, 11—18, 21—24) zum Multiplexen der Impulse 

so in eine Anzahl von getrennten Impulsrelhen zum 
Aniegen an jeweilige Elektroden umfafSt, dadurch 
gekennzeichnet, dalS die EInrichtungen zur Erzeu- 
gung der verstarkten StofSe die Hullen der StoSe 
modulierende Bauelemente (3, 4, 5) umfassen 

55 und dais die Multiplexereinrichtung zum iVIulti- 
plexen der hullenmodulierten StoBe derart ange- 
ordnet Ist, dal3 aufeinanderfolgende Impulse je- 
des StoSes in einer vorbestimmten Zeitfolge pa- 
rallel an ein Elektrodenpaar auf einmal angelegt 

60 werden. 

2. Gerat nach Anspruch 1, dadurch gekenn- 
zeichnet, dal^ die Multiplexereinrichtung eine 
Mehrzahl von Schaltern (15—18) oder entsprech- 
ende Schaltungen in einer 1 :1-Beziehung mit den 

65 Elektrodenpaarausgangen und ein Bauelement 
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(9) fur die aufeinanderfolgende Betatigung dieser 
Schalter oder Schaltungen im Ansprechen auf 
das Auftreten der elektrischen Signaie umfaSt, so 
da(5 die elektrischen Signaie jedes Elektrodenpaar 
aur Erregung bringen, wenn der ihrem jeweiligen 
Ausgang entsprechende Schalter betatigt wird. 

3. Gerat nach Anspruch 2, dadurch gekenn- 
zeichnet daft jeder der Schalter (15—18) ein 
lichtennpfindliches, in den Kreis zwischen der 
Quelle der elektrischen Signaie und einem der 
jeweiligen Elektrodenpaare einbezogenes Schalt- 
element sowie eine betrieblich mit der Quelle der 
elektrischen Signaie verbundene Lichtquelle, die 
Im Ansprechen auf die elektrischen Signaie erregt 
wird, umfaBt. 

4. Gerat nach einem der vorherigen Anspruche, 
dadurch gekennzeichnet, dafS die Elektroden 
paarweise angeordnet sind und in jedem Paar 
eine "Leitungs"-Elektrode sowie eine "Ruckfiihr"- 
Elektrode vorhanden ist, wobei die Ruckfuhr- 
elektroden des Paars eiektrlsch miteinander ver- 
bunden werden. 

5. Gerat nach einem der vorherigen Anspruche, 
gekennzeichnet, durch eine Strom begrenzungs- 
einrichtung (20). die den durch den Korper der 



Person fllefSenden Strom unter eine vor- 
bestimmte GroBe beschrankt 

6. Gerat nach Anspruch 4 und 5, dadurch 
gekennzeichnet, daS eine zwischen die Quelle der 

5 elektrischen Signaie sowie die Ruckfuhr-Elektro- 
den geschalteter gemelnsamer Ruckfiihr-Strom- 
pfad (19) vorhanden ist und daB die Strom- 
beg renzungseinrichtung (20) In den gemein- 
samen Ruckfuhr-Strompfad geschaltet ist, um 

10 den Strom zwischen den Elektroden eines jeden 
der Elektrodenpaare unter einer vorbestimmten 
GroSe zu halten. 

7, Gerat nach einem der vorhergehenden An- 
spruche, dadurch gekennzeichnet, daft die Quelle 

15 der elektrischen Signaie einen Impulszahler (9) 
mit einem mit dem Impulsgenerator (1) ver- 
bundenen Eingang sowie mit einer Mehrzahl von 
Ausgangen (F, G, I) und eine Mehrzahl von 
Schaltern (15—18) umfaftt, von denen jeder 

20 betrieblich zwischen jeweils einen der Ausgange 
des impulszahlers sowie eines der Elektroden- 
paare geschaltet ist und jeder der Schalter im 
Ansprechen auf das Signal an seinem jeweiligen 
Impulszahlerausgang betatigt wird. 
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